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ICH CREAM. 


By S. Henry AYERS, Bacteriologist, and W1Lu1AM T. JOHNSON, Jr., Scientific Assistant, 
Dury Division. 


INTRODUCTION. 


A bacteriological examination of ice cream as the consumer re- 
ceives it from retail sources is, we believe, the first logical step in the 
study of the bacteriology of ice cream. The results obtamed from 

_ the examination of ice cream in this last period of its history will show 
the final bacterial flora. This type of investigation does not show 
where the organisms are introduced, but it will show the number and 
kinds of bacteria present in the cream at the time it isconsumed. To 
determine where these organisms are introduced and their signifi- 
- cance is another phase of the general problem. 

It is well known that commercial retail ice cream contains large 
numbers of bacteria. This is well illustrated in a summary of the 
results of examination of ice cream in various cities, presented in 
Table 1, taken from a paper by B. W. Hammer.’ From these figures 
it is evident that the number of bacteria in ice cream throughout the 
country averages extremely high. 


TABLE 1.—Summary of Hammer’s bacterial investigations of ice cream. 


e ia per cubic centimeter. 
Datect wes Bacteria pe 
Source. investi- ‘I 
Gapion. || Pass F : 
amined. | Average. Highest. Lowest. 
EAMladelpiiass sess en. eek oh Sh 1905-06 49 | 17, 833, 031 79, 800, 000 70, 000 
Boston 3 OSS CS BORO OSS SS Ie ee ee ea reo 1906-07 35 | 23,000, 000 150, 000, 000 | 1,000, 000 
Washington Sere 4 oatisstad see de ee eee 1906-07 263 | 26,612,371 365,000,000 |. 137, 500 
MAMEAR OR ser eke te: cee eee RE a 1909 89 | 16, 662, 134 125, 000, 000 20, 000 
TDi oauslsk peas eee 1910 306 | 15,401,000 | 100, 009, 000 20, 000 
ID) Queer ee es ee SA hs LOSI Reha eeee 1, 800, 000 200, 000, 000 90, 000 
GH MINK COB ier aac ei LA og 1911 7A Del paees ene ie 8, 000, 000, 000 200, 000 
MipreNinines: geen TOS RT 1911 10 | 19,920, 000 39, 000, 000 | 4,200, 000 
fowa State College... 25... s.n0. 60. ee kk 1911-12 11 | 19,775, 000 72, 000, 000 500, 000 
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Bacterial counts, while of value, only tell us the numbers, and this 
is not sufficient information. It is necessary for a thorough knowl- 
edge of the subject to know the kinds of bacteria which are generally 
present in ice cream as well as the number. 

There is relatively little exact information regarding the bacte- 
riology of ice cream, and in consequence probably many applications 
of the subject to the industry are neglected. Extensive research 
work on bacteriological problems connected with the manufacture of 
ice cream is needed, and it is probable that many investigators will 
devote themselves to this subject when the value of such work is 
realized. 

Our investigations on the general subject of the bacteria of ice 
cream will be divided into three main parts. 

1. A study of the number and kinds of bacteria in commercial retail 
ice cream as the consumer receives it. 

2. A study of the bacteriology of ice cream during manufacture. 

3. A study of the development of bacteria in ice cream during 
storage. 

These studies have been undertaken solely with the idea of securing 
information of fundamental importance relative to the bacteriology — 
of ice cream. We hope by these investigations to be able to give the 
manufacturer information which will enable him to produce a product 
of the highest quality. 

We believe that bacteriology will be of great value to the manufac- 
turer in controlling the quality of his raw material and the quality of 
his final product, andn checking the efficiency of the various opera- 
tions in the production of ice cream. 


OBJECTS OF THIS INVESTIGATION. 


The first part of our investigations is presented in this paper, the 
objects of the work being as follows: 

1. To determine the number of bacteria in commercial ice cream 
during the summer and winter seasons. 

2. To determine what groups of bacteria are found in commercial 
ice cream. 

3. To determine the relative value of different methods for the de- 
termination of Bacillus coli in ice cream. 


METHODS OF EXAMINATION. 


The ice cream was purchased in one-half-pint paper boxes from 
various stores throughout the city of Washington, D.C. Throughout 
this paper reference is made to summer and winter samples. The 
samples of the former were collected from June 20, 1912, to Novem- 
ber 11, 1912. Winter samples were obtained during February and 
March, 1913, the coldest months of the year in Washington. The 
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samples were taken directly to the laboratory and portions from vari- 
ous parts of each sample were transferred to a sterile aeemoye! 
flask. After the ice cream had melted it was thoroughly Shaken to 
remove as much air as possible and at the same time niix the sam- 
ple. One cubic centimeter was then plated by the usual methods on 
plain infusion agar prepared according to standard methods prescribed 
by the Committee on Standard Methods. The plates were incubated 
at 30° C. (86° F.) for five days, then counted. 

Special methods for the determination of colon bacilli will be dis- 
cussed later in this paper. 

In order to divide the bacteria into groups the ‘‘milk-tube method ”’ 

of differentiation was used. This method, devised by the authors, 
is fully described in a previous publication. 

Briefly described, the milk-tube method consists in picking each 
colony from an infusion agar plate and inoculating into tubes of 
litmus milk. The reactions produced in the litmus milk are recorded 
after 2, 5, and 14 days’ incubation at 30° C. (86° F.). Knowing the 
14-day reaction produced by bacteria from each colony on the original 
plate, it is possible to determine the number of bacteria in the original 
material plated and to divide them into groups, namely, the acid- 
coagulating, -acid-forming, inert, alkali-forming, and peptonizing. 
An examination of samples collected as mentioned gives the bacterial 
flora of ice cream just as the consumer would receive it. 


THE ACIDITY OF ICE CREAM. 


Before entering upon a discussion of the bacteriological results of 
this work it seems advisable to discuss a few miscellaneous analyses 
which were made during this study. All the samples of vanilla ice 
cream were tested for acidity by titration with tenth-normal sodium 
hydroxid, using phenolphthalein as an indicator. Most of the ice 
cream of other flavors could not be tested on account of the color. 
The maximum acidity found was 0.387 per cent and the minimum 
0.09 per cent, calculated as lactic acid. The average acidity of 65 
samples was 0.206 percent. Many of thesamples were distinctly sour 
to the taste, and evidently some manufacturers used either old sour 
cream or else aged the cream in their plants at temperatures suffi- 
ciently high to allow lactic-acid bacteria to produce acidity. The 
acidity did not seem to bear any definite relation to the bacterial 
count, however, as the samples showing an acidity of 0.387 per cent 
contained 217,000 bacteria per cubic centimeter, of which 74.51 per 
cent were acid-forming bacteria, while ice cream with an acidity of 
0.09 per cent contained 49,000,000 bacteria per cubic centimeter, of 
which 89.79 per cent were acid-forming bacteria. 
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THE NUMBER OF BACTERIA. 


Numerous samples of ice cream were purchased from various stores 
in Washington during the summer and winter season; they repre- 
sented 24 different manufacturers.t. Samples representing 11 plants 
were examined during both seasons. The ice cream from 5 manu- 
facturers was examined during the summer season only, and from 7 
plants during the winter season only. In Table 2 are shown the total 
(average of the two kinds of samples) average counts of ice cream 
from each plant, together with the average of the samples collected 
during the summer and winter seasons. It will be seen that only 
two plants, K, and P, out of the 24 showed an average bacterial 
content of ies than 1,000,000 per cubic centimeter. Tt i is possible 
that if more than one eamiole had been examined from plant P the 
average count for that plant would have been more than 1,000,000. 


TABLE 2.—Average number of bacteria per cubic centimeter in ice cream from different 


manufacturers. 
All sampies. Summer series. Winter series. 
Manufacturer. Average Average Average 
ro eee per Sees pee per preven bacteria per 
samples. | cubic centi- cubic centi- cubic centi- 
E meter. samples. meter. samples. meter. 

Agcy lies lee ie 32 2,986, 187 19 5, 008, 333 13 416,000 

1 BS aie arty ee 27 32,007,500 10 31, 226, 000 17 47, 763,529 
(OFe SS cree areas 19 27,779,631 11 47,909, 090 8 101, 000 
ID een en a 11 18, 836, 363 8 26, 125, 000 3 6, 066, 666 

1 Deere ete here aas mS) 44, 783, 333 3 118, 000, 000 6 8,175, 000 
Ina Sse ee sane 8 5,381, 500 3 8, 966, 666 5 3,220, 400 
Cee Ss RRS Et 12 2,580, 250 5 6,192,500 a 1, 160, 428 
lela CHa eee ae 5 4,203, 600 4 5, 207, 500 1 188, 000 

Rade Se ebay oh Bho 8 15, 487, 500 5 18, 360, 000 3: 10, 700, 000 

1 ee oe, Se 3 5, 890, 000 1 14, 100, 000 2 1, 785, 000 
1S ae ee ee 4 | 265,750,000 45 82650750 \000h | hae. fe ae Se ee pee ee 
Key a Weimer tas 12 357, 583 4 30, 000 8 271,375 

| Bec Seer Re ee eg 4 32, 225, 000 4 S2220) OOO ay k= Stel eee 
NY ES, Jee Se agen 4 10,910, 000 4 10910) 0000. ek se sl ee ee eee 
INGE os SRO ELF 3 5, 723,333 3 5, DO OOON IRS 5h eee | See hw eee 
ORE Ergot ans 6 46, 465, 000 6 46465, O00 s| ae Bee 2 a Ne eae ee 
| geek Ek eee eck ew 1 920, 000 1 920, OOO Sie BPEL ea: Cee ae 
Qin eee een oe 2 19 DO NCO srt eeesesre le Nee ee eee 2 19, 750, 000 
Ea BS Tend. 3 1 203750050008 |o.8. Soe Rel ® Ae) core he 1 20, 500, 000 
Sashes eine 3 Apna at | epe see abe le doce wns oe a Be 3 2, 463, 333 
i Ee a nen 4 5 650; 000 |e ch eS aS en 4 3,650, 000 
Wiyc se ead iD, 28-500 OOO ee rce 2 el ee ere ee 2 | 28,500,000 
Wil Ate eee 3 147002000. Estee sto. Meee 3 14, 700, 000 
Rip Or ee ae 3 17,566, 666 ie aHacad |Sseeeee Sowot e 3 | 17,566,666 


a K,same plant as K, but there was probably a change in management. 


An interesting point is shown in the bacterial averages of ice cream 
from manufacturers K and K,. The average bacterial content of 
ice cream from K was 265,750,000, and from K, 357,583 per cubic 
centimeter. These represent the same plant, but in all probability 
there was a change in management. We are not certain of this 
point, but after the four samples were taken from K the condition 


1 Throughout this paper reference is made to samples from different manufacturers or plants, but it must 
be remembered that the samples were obtained from stores and not at the plants. 
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of the store was much improved as regards cleanliness, the ice cream 
no longer contained gelatin, and the bacterial count dropped ina 
remarkable manner. | 

When the bacterial averages of the two kinds of samples (summer 
and winter) are compared it may be seen, by reference to Table 2, 
that of the samples from 11 plants the bacterial counts averaged 
decidedly lower during the winter months in every case with the 
exception of plant B. In that case the average winter count was 
higher than that of the summer season. Assuming cream to be the 
greatest source of bacteria in ice cream, we should expect to find the 
bacterial content of ice cream higher during the summer months. 
This is probably explained by the lack of proper facilities on the farm 
for keeping cream cool during the summer, and also by the fact that 


owing to the increased demand for ice cream during the summer 
_ season poor grades of cream are utilized. In the case of plant B, we 


have no explanation for a higher average bacterial count in winter 
than in summer unless the cream was aged at the plant for a con- 
siderable time at temperatures not sufficiently low to prevent bacterial 
growth. 

In order to show more clearly the comparison of the bacteria in ice 


cream during the summer and winter seasons, the samples have been 


erouped in classes according to their bacterial content, as shown in 
Table 3. 


TABLE 3.—Comparison of bacterial content of summer and winter samples of ice cream. 


Summer. Winter. 
Bacteria per cubic 
centimeter. Number Number 
of Per cent. of Per cent. 

samples. samples. 
UO HOWE se anoseeeeacocaces 0 0 5 5. 49 
50,001 to 100,000....-....-.--- 0 0 8 8.79 
100,001 to 500,000. ....-.-.--- 9 9.57 23 PEON 
500,001 to 1,000,000.....------ 9 9.57 2 2. 20 
1,000,001 to 5,000,000. ......-- 16 17.03 21 23.08 
5,000,001 to 10,000,000......-- 12 Til: 5 5. 49 
10,000,001 to 20,090,000... .--- e 13 13. 83 11 12.09 
20,009,001 to 30,000,000. -.----- 10 10. 64 5 5. 49 
30,000,001 to 50,000,000... ..-.- 8 8.51 3 3.30 
50,000,001 to 100,000,000... ..- 9 9.57 4 4.40 
Over 100,000,000............- 8 8.51 4 4.40 
MOPAR rete Mets ee 94 100. 00 91 100. 00 


It may be seen that of 94 samples examined during the summer 
months, none contained fewer than 100,000 bacteria per cubic centi- 
meter, while of the 91 samples examined during the winter season, 
14.28 per cent were lower than 100,000. Of the summer samples, 
9.57 per cent contained fewer than 500,000 per cubic centimeter, and 
of the winter samples 39.55 per cent contained fewer than this number. 
Of the summer samples 19.14 per cent contained fewer than 1,000,000 
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per cubic centimeter, while 41.75 per cent of the winter samples con- 
tained fewer than 1,000,000 per cubic centimeter. Finally, there 
remain 80.86 per cent of the summer samples and only 58.25 per 
cent of the winter samples which contained more than 1,000,006 
bacteria per cubic centimeter. These results are shown perhaps 
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BACTERIA PER CUBIC CENTIVMIETER. 
Fig. 1.—Frequency curve showing bacterial content of summer and winter samples of ice cream. 


more strikingly in figure 1, where the samples have been plotted in a 
frequency curve, showing the difference in bacterial content between 
the summer and winter samples. 

The differences in the average counts of ice cream from different 
manufacturers at different seasons are summarized in Table 4. 


TABLE 4.—Summary of the bacterial counts of ice cream. 


Summer | Winter 


Item. series (94 series (91 

samples). samples). 
Average number of bacteria per cubic centimeter..............--....--.----- 37, 859, 907 nh 388, 222 
EARAITII WUT DOL. oo hoe = ee oe oe eee eee Renae tere eee eee 510, 000, 000 114, 000, 000 
Minimum: NUMbeL sa. ks ees Joe bso} a Se ew eee Eee eee 120, 000 13, 000 


These figures show a wide range in the bacterial content of ice 
cream during both the summer and winter months. The mmimum 
counts of 120,000 during the summer and 13,000 in the winter series 


al 
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furnish evidence that ice cream can be made commercially, at least 
under some conditions, with a low bacterial content. If these aver- 
age counts are compared with the average counts from other cities, 
as shown in Table 1, it will be seen that, so far as bacteria are con- 
cerned, the quality of the ice cream is about the same in different 
localities. 

-THE GROUPS OF BACTERIA. 


THE GENERAL GROUPS. 


The bacteria in 71 summer samples and 28 winter samples of ice 
cream were divided into groups by the milk-tube method of differen- 
tiation heretofore mentioned. With this method it was possible, 


ACID COAGULATING 
FO. BE % 


TONZ/ 


NEP 
EM (3.62 


Fig. 2.—Average bacterial groups found in one cubic centimeter of ice cream during the summer months, 
showing percentages of groups. 


Group. Bacteria per c. c. 
cid Coa riila tim repeater pte seit Mays Sie eV dbo Ae SUR OR ek a 18, 861, 805 
EMCI OT CAPR jain RUM yn MOL Ce OR NE te Lien ee UR aie 7,844,575 

WERE Seere jospapesaccdegges sob ah oes 6 BED OC OEE SHEED Bae Ee aeEOEE = Bena Bes eme seMae i esa enoor 5, 292,815 
JNU OPTMING 5 5 So ose SSS aals WE es ce Seas eee neg es et pe os cee eR nae 704, 195 
HEE LOTNIZTY MPa see iawn TS A OE RD Se claveeree SPRAY A LARUE eae ONG Bee Abb SCS eer 5, 156,519 

OW oo Cosco oko os Gtr SEEN PP es EP ia NU ee UE In ee a eUe  N eOeen 37, 859, 909 


on the basis of the 14-day reaction in litmus milk, to divide the 
bacteria into five groups, namely, acid-coagulating, acid-forming, 
inert, alkali-forming, and peptonizing. For convenience in obtaining 
a view of the average groups in an average sample of ice cream, the 
results are presented graphically. Figure 2 represents 1 c. c. of ice 
cream and is divided into five sectors, each representing the average 
percentage of a group of bacteria. The averages are based on the 
analyses of 71 samples of ice cream examined during the summer 
season. It may be seen from the figure that the bacteria of 1 ¢. c. of 
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an average sample of ice cream during the summer season may be 
divided into five groups in the following proportions: 


Per cent 
ACIO-COasWAtINg, STOUD... 22+ -25- -h ease Eee ee ee eee 49. 82 
NCTE TOCMUNOVOTOUP ... ow ar. cays! ee - ean Se oe eRe no 20. 72 
PMERG STOUD Fei -.5 2 esses oo ais cle be lee oe DEO Ce ee 2 13. 98 
AAkal-formino STOuUp. 224s. seee- ee a NSP e meer See ANS cn oo 1. 86 
Peptonizing sroup.- .... 48 Ss 2 Sees oe ea re ee oe a ee 13. 62 


The total acid group comprises, therefore, 70.54 per cent of the 
bacteria in the average ice cream during the summer season. In 
order to make this picture more nearly complete, we have calculated — 
the number of bacteria of each group which would be found in 1 ¢. e¢. 
of an average sample of summer ice cream. These bacterial numbers 
were obtained by calculation from the average bacterial count of 
1c. c. of ice cream. Since the average commercial ice cream during 
the summer months contained 37,859,909 per cubic centimeter, the 
calculated number of each group would be as follows: 


Bacteria per ¢. ¢c. 


Acid-coasulating bacteria .< 22255855 ssa Sees ae ee 18, 861, 805 
Cid formine: bacteria. wos. . 2 6 5c es ce eee Re hac a 7, 844, 575 
Jhovere el ov 40i (21 gi lee Menge caer tna aes Oe, Se ate Se Ge poet a ee 5, 292, 815 
Mikali-formingjbacterlac 25 saeSe tos Begin ee Sete hy ee ee 704, 195 
Peptonizing bacteria ss ics a saree eee 5, 156, 519 


Perhaps the most important observation in this connection is the 
high number of peptonizing bacteria. 

In the same manner are shown in figure 3 the bacterial groups in 
an average sample of winter icecream. ‘The bacteria may be divided 
into five groups, as follows: 


Per cent 
Acid-coagulating group. . ox. 222i ee ee ee oe See eee 30. 84 
Acid-lorming COUP... «2... . ST eee eee es nn eee 38. 03 
dmerteroup. 2222 Soe eS ee ene oe eee Set ee oe 4,81 
AT ealiformd ao STOW, 2) o. «2.5.8 a5 eee cans Se pee ea eee 5. 42 
PeploniziMe;oroups oo ..2 2 a2 soe ee ees ee Se ee 20. 90 


A comparison of the total percentage of the acid groups shows 
70.54 per cent during the summer and 68.87 per cent during the 
winter. It will be seen, however, that during the summer 49.82 per 
cent were acid-coagulating bacteria, while in the winter only 30.84 
per cent were of the acid-coagulating group. The increase in the per- 
centage of the alkali and peptonizing groups is particularly notice- 
able. From the average group percentages and the average bacte- 
rial count the calculated bacterial composition of the 10,388,222 in 


1c. c. of winter ice cream would be as follows: 
Bacteria per c. ¢. 


Acid-codgulatane bacteria it 3 1. 200 22 8d. 2 SE eee ee 3, 203, 728 
Agid forming batieria-2ov-2 ce. GLb o- gee epee ee 3, 950, 641 
nent joacteniag sca ote he aes ek oie OS Re . SS Fe gee 499, 673 
mut calasformane bacteria) n.5 oc anc joe et ec 3 We ee 563, 042 


IPEptonizine DaCteriae...* 2-2-5 tec ese ee ion oa eee ee ne 2, 171, 138 
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A comparison of these figures with those of the average summer 
samples shows that while the percentages of the alkali and peptoniz- 
ing groups are higher in winter there were actually smaller numbers 
of them in ice cream during that season, on account of a lower total 
number of bacteria during cold weather. 

No study was made of the cultural reactions of the bacteria of the 
various groups, but from our methods of analysis a few points may 
be brought out. 

THE TOTAL-ACID GROUPS. 

As we have shown before, of the average bacterial flora of summer 
ice cream 70.54 per cent is made up of the total group of acid-forming 
bacteria, and during the winter 68.87 per cent. While using the 


B PEPTONIZING 


ALKAL! | INERT 
5.4L FENG 


Fig. 3.—Average bacterial groups found in one cubic centimeter of ice cream during the winter months, 
showing percentages cf groups. 


Group. Bacteria per c. ¢c. 
AGICLCORATI ATM. 5 OS eS Sk SEG a he See i SO UID ON eich NN Aca Ne Vf Oe eS eae nd 3, 203, 728 
ee ne nee Cnc aT ie igromae de eal AA NCR a Ces ne CA eh a) Je i A wee ia oa 3,950,641 

TH hs o's Gobo SU DIS Ba ce GE Bees ST aR EE A a A IU ee oe Ua ge Re SON 499,673 
AAVUEENSESCOST ONTOS 6 Ao 5 Gg Fe I OUT OO cae cela NR a 2h 563, 042 
IPS OUOMULATINE oS SSS HAS Es SRS iE eT leave gE atk ee a se an Re I OE RL ON 2,171, 138 

INO = 5 cya Sad SeQ ahaa SOME BAT wa ase OER IG Le ae RA a meee Poe Me mare uaany We eUyee se 10, 388, 222 


milk-tube method of differentiation the reactions of the litmus milk 

tubes are recorded after 2, 5, and 14 days, and the total acid-forming 

eroup is composed of those bacteria which produce acid in litmus 

milk during the 14 days of incubation. Those bacteria which form 

acid and peptonize the milk are included in the peptonizing group. 

The total-acid group can be further divided into those which produce 
5020°—Bull. 303—15——2 
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acid and coagulate the milk and those which simply form acid within 
14 days. Since the reaction is recorded after 2, 5, and 14 days, the 
rapidity of the growth of the acid-forming bacteria can be deter- 
mined, and this serves as an additional means of separating the 
croup. In Table 5 the percentages of the acid-coagulating and the 
simple acid-forming groups of bacteria are shown, based on the 2, 5, 
and 14 day reaction in litmus milk. 


TABLE 5.—Changes in the percentage of the tcial-acid group of bacteria in ice cream when 
determined by litmus-milk reactions after various lengths of incubation. 


Per cent reacting after 
incubation for— 


Bacterial group. 
| 
2days. | 5days. | 14 days. 
Average of 71 summer samples: | Per cent. | Per cent. | Per cent. 
INCIG=COAMIM AIDE. eo ea eee eee csc eee eee Petar seuss TS 26.31 41.52 49. 82 
PCI OIG S o.oo ee eee ee ee he ota. 35. 43 25. 58 20.72 
Average of 28 winter samples: 
Aeid-coagimating 2 Coats. h ect e nee b= news occ d este eee eee eee 8. 20 25. 02 30. 84 
AGRIC HOLM Se sa ae ea eee eee os See sue. eee ee 44.51 41.30 38. 03 


An examination of the table shows that among the summer sam- 
ples 49.82 per cent of the bacteria produced acid and coagulated 
the milk after 14 days. After 2 days 26.31 per cent produced this 
reaction. This shows that a little more than hal‘, cr 52.81 per cent, 
of the bacteria which were in the ice cream produced the reaction 
within 48 hours. The remaining 47.19 per cent coagulated milk 
more slowly and may represent a different variety of acid-forming 
bacteria. Turning again to the table and considering the acid- 
coagulating group of the winter series, it will be seen that of the 
30.84 per cent which produced the reaction only 8.20 per cent pro- 
duced acid and coagulated milk in 2 days. Therefore only 26.69 
per cent of the acid-coagulating group of the winter samples were 
active enough to produce the reaction in 48 hours, while 52.81 per 
cent of this group in the summer samples brought about the change 
in 2 days. 

There is little to be said regarding the acid-forming bacteria which 
simply produce acid. Many of them grow slowly and do not show 
an acid reaction for several days in litmus milk. The milk-tube 
method furnishes a means of determining the difference in the rapidity 
with which the bacteria produce acid. As may be seen in Table 5, 
the percentage of the acid-forming group of bacteria was highest 
when determined by the 2-day reactions and lowest when based on 
ine 5 and 14 dayreactions. This is explained by the fact that many 
bacteria have simply formed acid after two days in litmus milk and 
later may coagulate or peptonize the milk, and are therefore thrown 
into another group. 
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THE INERT GROUP. 


The inert group of bacteria in ice cream comprises those which 
produce no change in litmus milk during the 14 days’ incubation at 
30° C. (86° F.). By this method of grouping there are, of course, 
included in the inert group those cultures which fail to grow in milk 
and tubes of litmus milk, and which would also be included even 
though the lack of growth were caused by failure to inoculate the 
tubes properly. However, this last possibility is small. The inert 
group is of little interest, on the whole, since the bacteria produce no 
apparent change in milk, and in all probability the same is true of 


ice cream. 
THE ALKALI GROC=. 


The alkali-forming group of bacteria is made up of organisms 
capable of producing an alkaline reaction and no other apparent 
change in litmus milk during the 14 days’ incubation at 30° C. (86° 
F.). This group does not include bacteria which produce an alkaline 
reaction together with visible signs of peptonization. While there 
are in the literature references which deal with types of alkali-forming 
bacteria, this group has rarely, if ever, been considered when the flora 
of milk has been under discussion. The authors in some pr:vious 
work on bacteria in milk showed that considerable numbers of this 
eroup were present in milk. In a later piece of work we have shown 
the numbers of this type of bacteria in milk, together with some of 
the cultural reactions of the alkali-forming bacteria. These bacteria, 
however, give very few positive reactions with the usual cultural 
media, and it is impossible to give much information regarding this 
eroup. A detailed bacteriological and chemical study of these 
organisms is under way in the research laboratories of the Dairy 
Division. 

It will be seen from Table 6 that during the summer series of ice- 
cream samples the average sample contained 1.86 per cent of the 
alkali group of bacteria, and during the winter series 5.42 per cent. 
In general, the alkaline reaction is not noticeable until after four or 
five days’ incubation in litmus milk. Occasionally, however, the reac- 
tion is in evidence in 48 hours. The group percentage for the sum- 
mer season was 1.86 after 14 days and only 0.15 per cent based on the 
2-day reaction. ‘Therefore only 8.06 per cent of the bacteria of the 
alkali group produce an alkaline reaction within 48 hours. Among 
the samples collected during the winter season only 3.13 per cent of 
the bacteria of this group were capable of producing the reaction 
within two days. Whether this indicates a different variety of 
organism can not be said with assurance. 
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TABLE 6.—Changes in the percentage of the alkali group of bacteria in ice cream when 
determined by litmus-milk reactions after various lengths of incubation. 


Per cent reacting after 
incubation for— 


Alkali group. 
2days. | 5days. | 14 days. 
Per cent. | Per cent. | Per cent. 
EASVIETA SC) O lias SUMIUTMACTAS ATUL ES mere ayers are arse ne | 0.15 1.03 | 1. 86 
AVverave Of 28 Winter camiplesn: aes 45 ss aeeereren pee oop ee | eine ame | oli 4.00 | 5. 42 


At present we are unable to state the significance of this group of 
bacteria in milk and ice cream, but it is evident that they are not 
present in ice cream in large numbers, as are the bacteria of other 
groups. The average numbers of alkali-forming bacteria in ice 
cream from 16 manufacturers during the summer season and from 
7 during the winter season are shown in Table 7. 


TABLE 7.—Average number of alkali-forming bacteria per cubic centimeter of ice cream 


from various manufacturers. 


Summer. Winter. 
nt an pete pov eraee 
anufacturer. number of number of 
Number alkali bac- ee alkali bac- 
samples. peers _samples. part tee 

centimeter. centimeter. 

SE eS ETS OTS OE IRE ON or SMe eI Seer tO 11 56, 945 3 9,192 
1B peo che 9 ON fa Bk Ries paws rey rae a ace a Babe oe ea EAS, 33. I) ils ties, 3277 5 2,326, 068 
Ce OR aye cata a Ble aU 8 UN cae UE LIL a a erage ah el GOOG ltecesccosa scacas sssaec 
ID) BRU) US aes Ae 2 Eh ee eee ko Se eat ee eee ve ore Lee hoe 1 386, 000 3 265, 545 
Bree 5 eae De ent Ie aD Sate Ore Neca OT cL ae SA ey ots fall 3 AG2 BGs 92h ou ay || 
leo: Sabet Cie BY a eR ae Tar: Bhi oes Saheb eco) at 2 340, 820 2 14, 146 
Cee gn Ue aes Rae Lil ae Rul Cid ag ie Copan eats Sea ds a yt 4 136, 198 1 31, 815 
A Be Ue URNA IY Se ee SO Ue gene, ASL Ras Ae awa Oe LO Oe ed A eo 1 251.509) 20. 2k eee ee 
Ieper sen inna Nia pay Se Sek DOA i et ale RR Ae i ins, Bet 1 1316; 800:|:os. cases a bee ee ee 
SF it 2S el ORT ESS nn eS ae ne, Eee a NRG OC ae A TA 1 902, 400 2 93, 867 
1G ana eee Ge A RA eS ales eee eee a Ra MAREE aC emee Cte See ee 4 18, 348 1 111, 377 
i Brie 35 a, a, tk ea alg a tt Dad SS a AS AON eB eS Te San 1 AIG S240 r Rete nee Sse ene eee 
SVD et eces PPS ok eI 20, NEES) ayaa Na LN 9 Ede 2 a, Sap ON 1 22464. |\si eee Ee 
ING PAE 2S eR ee 2 ISS ROE ee Ud ERE CS) VERSA hae bas 3 TVS S209) tee Ce eee 
Oe ea te i Penne tp ny SNOPES tle HOME ae ey eee See me NR ety Ly ly D044, 900 lest: = ot see eee 
1025 8 SAS Gh SON elles be oh Oe Seine bak ih SAR ae eos Sei Ee 1 1 AT 104 302 Aas ke Le ees 
Gram diavieragern. sens ac tee hee eis ee ee Ree 41 526, 134 17 407, 430 
Maximitim: COMME 32 ba. ce CS eeepc ae ne er er ee 2 9989/00) ||uaee = aes 10, 400, 000 
Mani mum Coulee 24 SSE Le gee RPA Se SSE” eee Ret |e Se Re ee ANOSR Eee eee ee 1,901 


Alkal-forming bacteria were not found in each sample examined, 
but this does not prove that there were none present in the ice cream. 
Since these organisms are present in small numbers compared to the 
rest of the bacteria, it is not surprising that none should be found on 
plates in which the dilution had to be high im order to take care of 
the large total number of organisms. 
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THE PEPTONIZING GROUP. 


The peptonizing group is probably the most interesting if not the 
most important group of bacteria in ice cream. ‘This group consists 
of what are commonly known as the putrefactive bacteria; that is to 
say, they attack primarily the proteins, decomposing them into less 
complex organic bodies. Bacteria of this class are usually considered 
undesirable in articles of food, and it is to them that intestinal 
troubles are sometimes attributed, perhaps with or without justifica- 
tion. Whatever their true effect is will not be discussed in this 
paper, but because bacteria of this group are looked upon with sus- 
picion it is therefore of great importance. In Table 8 will be found 
the averages of the number of peptonizing bacteria in ice cream 
during the summer and winter seasons from a number of different 
plants. 


TABLE 8.—Average number of peptonizing bacteria per cubic centimeter of ice cream from 
various manufacturers. 


Summer. Winter. 

Fea serge Average 

anufacturer. number of | number of 
ueibes Dep cmne| Number pep onting 

acteria acteria 

samples. per cubic | samples. per cubic 
| centimeter. centimeter. 
PN pepe eras oP es NaS Se) sae bani nists Su Sala ccnic ais © dja sleiesdieresal 15 909, 132 3 30, 358 
MB aoe alae eo gale em nial onl le minis = wn mw eo one 7 | 3,579, 261 7| 1,159,888 
NO reer oes eiatrrats wines Sin oee sis eeipiedisins De Pemessbeeee ce 8 | 2,752,681 2 2,097 
iD .geceouende kde oned SbbocbddoesosEaeEdee be EoUBEbEsenebsenoe 6 | 2,587,978 3 247,944 
1D) oot bat ds pets 6 oc SES Gao aE ene eee nee ane Su|> A OG4FAG3 Nites 5. |. 
IP oonse noddéondsobadsas doc cbdeadupeeEs Saoces oeeeseSoasobee 3 | 1,018,440 3 104, 008 
GO sodsccansgssoosuno qogenecaneroodeau6 sage cop qouEspbeReoosse 5 567, 409 3 197,314 
TEL ind da OBES SA SECS ae Ses arc ata ce eran aes ae 1 SOS UO ess eee eal noe a ae 
il sadne dene dcop acesne Ose Seen a mame anne eee cae 1 40654005 feeeee Fa eee 
Jacbodencdsdsdodass0cbbc06S8un seedsueceesesdusopebenosuaaes 1} 1,128,000 2 290, 623 
[i cece dou Sooutoda cn SUS hogs Gaeogd eo Con See ee aaa een ae 4 415,018 2 117, 316 
Tig cose SoSSSeeGG Sas SASS Se Ce TS aes aS ite ea eae ANAS TOS 497 let etek Sai| pet cee ee 
IME oblbSo dake Sco CHR OBE GaaE CdS so MERC ep IN ein Sai meee eesti 4 874 154. eaten ll See pan 
IN Pee eee ee ictcte cicieleieicialo Sine cieisia tei’ Oa'scisececwiicwes 2 22D Sieur Shean | bees cea ee 
(OP Ne ete Pe aie a lonped ons Pubic dele ewieeee aa eee Beer cl doaaretacalsssscecaad be 
1? no cou doabdsoudde sec SUB ORNCE es SERB EEO OO nee ee ti senina nen 1 247, GOOslieaenee aes | cea es 
(Gran CHA CTE Cee ae oe cicfoiat\> vicie seni eR we Scenes eee ae 68 | 1,449, 533 25 268, 693 
LUG SSIS QOULIES Jor os - pe nebo So Se OCseupene Goees SOS eer Ioson] SOSoer er se 21,000,000 |..-..-.--- 2,974, 400 
ALUM GT IM COTS Seog ke gedon nds desea daacdo co ebesesespecs Soobeseese SOsOG3) sees 1,194 


The bacterial averages were much higher in the summer than 
during the winter. It is evident from these figures that the average 
commercial ice cream contains a large number of peptonizing bac- 
teria. In order to show the range in the percentage of peptonizers, the 
entire lot of summer and winter samples has been plotted in a fre- 
quency curve, as shown in figure 4. It will be seen that the majority 
of samples contained from 0.1 to 5 per cent of peptonizing bacteria. 
A large proportion contained, however, as high as 25. to 30 per 
cent, and in a few samples they were present to the extent of from 
90 to 95 per cent of all the bacteria. 
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Among this group there are a large number of different types of 
organisms. Many rapidly peptonize the casein of milk and render 
milk alkaline or slightly acid, while others first attack the lactose 
and only produce a slight peptonization after several. days’ growth. 
From the milk-tube method of differentiation of the bacterial groups 
it was possible to gain some information as to the extent of these 
different classes of peptonizers. In Table 9 are shown the average 
percentages of the peptonizing group in summer and winter samples 
of ice cream. Based on the 14-day reaction among the summer 


NUMBER OF SAMPLES 


FEFCEIVTAGE OF TOTAL BACTERIA 


Fic. 4—Frequency curve showing percentage of peptonizing bacteria per cubic centimeter of ice cream, 
summer and winter series combined. 

samples, 13.62 per cent of the bacteria belonged to the peptonizing 
group. According to the 2-day reaction, there were 5.93 per cent. 
Therefore 43.54 per cent of the peptonizing bacteria were sufficiently 
active to produce a peptonization within two days. Among the 
winter samples 34.06 per cent of the peptonizing bacteria were suffi- 
ciently active to peptonize milk within 48 hours. These active 
peptonizing bacteria are more important than the slower-acting 
varieties, since their peptonizing action is usually more complete 
than that of the latter-named varieties, and if any harm is produced 
by this group, they are most likely to be the organisms concerned. 


TaBLE 9.—Changes in the percentage of the peptonizing group of bacteria in ice cream 
when determined by litmus-milk reactions after various lengths of incubation. 


Per cent reacting after incu- 
bation for— 
Peptonizing group. 


2days. | Sdays. | 14 days. 


Per cent.| Per cent. | Per cent. 
Averareof 71 summer samples ...\.<-- + = ose eee nt ~~ been ae 5. 9: 9.76 13. 62 
Average of 28 winter samples.......-..--.------------------- ae eee eer 7.12 13.58 20. 90 


a 
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COLON BACILLI IN ICE CREAM. 


Since the presence of colon bacilli has been understood in water 
analysis to indicate fecal contamination, many investigators and 
boards of health apply the same tests to milk, and naturally then to 
ice cream with the same idea. 

In water analysis lactose-bile fermentation tubes are used for the 
examination for colon bacilli. By using different dilutions the min- 
imum number of gas-forming bacteria in a given amount of water 
may be determined. This preliminary test has to be followed by 
confirmatory tests in which cultures are isolated and their character- 
istics studied in order to prove the presence of colon bacilli. In our 
work we have used this method to some extent, but have endeavored 
to prepare a synthetic medium which would restrict the growth of 
the majority of bacteria found in ice cream and at the same time 
would allow colon bacilli to develop and produce characteristic 
reactions. During the experiments 53 different combinations were 
used, as shown in Table 10. 

Asparagin was used as a source of nitrogen in almost all media. 
Throughout our work we used medium No. 1, which was made as 
follows: Agar, 1.5 per cent; asparagin, 0.3 per cent; sodium dibasic 
phosphate, 0.1 per cent; lactose, 1 per cent; and 2 per cent of a satu- 
rated neutral solution of litmus. This medium proved the most 
satisfactory of all, and when tested with 10 different strains of Bacillus 
coli it was found that they all grew well. Medium No. 13, recom- 
mended by Dolt, did not prove satisfactory, as several of the strains 
of coli did not develop well on this medium. Medium No. 53, com- 
posed of agar 1.5 per cent, lactose 1 per cent, ammonium malate 0.2 
per cent, sodium acid phosphate 0.02°per cent, and 2 per cent satu- 
rated neutral solution of litmus, proved very satisfactory in a few ex- 
aminations, but as this medium was developed late in the work it has 
not been thoroughly tested. The value of the other media will not 
be discussed here but will be reserved for a later continued study of 
the subject. 

When ice cream was plated on litmus-lactose-asparagin agar, 
colon bacilli proved to be about the only organisms which grew and 
formed acid. The colonies were quite distinctive in their appearance 
and with little practice could readily be counted. Occasionally there 
developed on the plate a few very small acid colonies which were not 
gas formers, and sometimes a few nonacid-forming colonies were 
observed. The majority of bacteria in ice cream did not grow on 
this medium, at least not in 48 hours at 37° C. (97.5° F.), and it was 
possible to plate as low as one-tenth of a cubic centimeter when 
tooboon dilution had to be used with infusion agar. 
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In order to test the value of this medium as compared with the bile 
tube method, 43 samples of ice cream were examined. The results 
are shown in Table11. It may be seen that the colon count as deter- 
mined on litmus-lactose-asparagin agar was higher than the number 
estimated from bile tubes in 41 of 43 samples. In most samples the 
number determined from the asparagin plates was much higher; in 
one sample it was 47 times as high as the number calculated from 
bile tubes. 


TaBLE 11.—Comparison of the number of Bacillus coli in ice cream determined by the 
bile-tube method and on litmus-lactose-asparagin-agar plates. 


La a, Litmus-lactose-asparagin-agar plates. ee Litmus-lactose-asparagin-agar plates. 
f Cal tures : Cultures 
So icke ° icked 
7; Cul- 2s Per cent Cil- =|; 2s Per cent 
‘@ | B. coli. | B. coli. | tures ee gas @ B. coli. | B. coli. | tures Pes Se 
e picked. ReNIsciaee formers. e picked. laches es formers. 
a broth. S broth. 
nD DD 
ihe ee 15, 400 154 146 94. 80 23 5,000) 15108 % 0008 | 03st | 2 ee see eee 
Pal ee ie 86, 000 80 78 97.50 240) (50; 0003)" 120000) | Sreeee| sess ee eee eae 
3 PAU UE es at en al |e eel Sa 25 5, 000 15; 0002 | eis eee 
4 (4) 0 100 1 1 100. 00 26:1°100: 000.1; 3005 OOO Fe] ae | ee 
5 500 8, 000 8 8 100. 00 27 | 1005000:;|: G00 5000) ee 2 | ee see | eee 
6 500 900 9 9 100. 00 2871 S000) 5478000 | 55 2. 5 ete saree ee | oer 
7 1,000 2, 500 22 22 100. 00 29 | 250 SOOO |e oeees | ene renee 
8 5,000 | 13,000 12 12 100. 00 30 1, 000 655008 coca eee | Oe 
oule 750 2, 900 29 29 100. 00 31 100 45200 |e oco2khst [Sole eee 
10/ 2,500] 5,600 53 51 98.01 |] 332)|" 2250051. 45s000s) «9c aia ae ee ea 
ll 1,000 7, 200 62 57 91.93 33 BAOOO | |i 520 | ee eee | ee 
12 250 00 4 4 100. 00 34 500 33000.) 27. ose =e |Ss.s2 soe ce eee eee 
13| 1,000] 12,000 12 11 91.61 || 35 250 |e 50s 730). Ae 2 ee eee ee 
14 2,500 | 11,900 86 80 93.02 || 36 75 DOD exe e | Soe ee | 
15 7,500 | 123, 000 91 85 93. 29 37 1,000 PATS reece Ree ee RS 
16 75 3, 000 3 3 100. 00 38 250 7 deta, Ie epee rie eel [ees Sere 
17 50 3, 900 39 34 87.17 39 1D: Wes eh 20 ese es aesec cb ee IEE ee ee 
18 750 | 39,000 38 38 100. 00 40 50 2) 0°)2:2e. eet lessee 
19 250 5, 000 5 5 100. 00 41 75 TOO fs eS es oe ee ae | ee 
20 750 DEAOO Game ee ae ee ete beet 42 100 D380 ots ise | ee: Oe ee 
Til or CE PON G7 (1,1) | er RU 43 750 820°)" Soot] Sec ee 
22 Dei in 2ndO0r eee pooeecees pesscsos 


1TIn 3, dilution. 2In 3, dilution. 


BACTERIOLOGICAL STUDY OF RETAIL ICE CREAM. 19 


TaBLE 12.—Bacteria of the colon group found in ice cream as determined on litmus- 
lactose-asparagin agar. 


B. coli B. coli B. coli 

Sample Manu- per cubic || Sample Merah per cubic || Sample Manu- per cubic 

fac- ri Z fae- : fac- . 

0. TiRee centi- caer centi- No Ap. centi- 
s meter. meter. | meter. 
32 A 120 160 C 10 4G K 120, 000 
33 A 86, 000 161 C 30 50 Kk 75, 000 
37 A 100 186 C 140 51 K 300, 000 
38 A 100 187 C 700 79 Kl 150 
39 A 8,000 188 C 50 80 Kil 40 
40 A 900 44 D 2,400 81 Kl 30 
83 A 420 45 D 7, 700 82 K} 40 
124 A 80 89 D 4,600 134 Kl 10 
125 A 10 52 E 600, 000 135 Kl 20 
138 A 10 53 E 47, 000 136 K1 10 
139 A 10 54 E 5, 600 137 Kl 10 
143 A 10 140 E 30 70 M 1, 730 
151 A 10 141 E 1Q 71 M 550 
152 A 40 142 E 400 72 M 2,530 
153 A 10 67 F 3, 900 73 M 2,350 
168 A 50 68 F 3, 900 84 O 7, 600 
169 A 30 69 F 5, 000 87 O 12, 200 
31 B 15, 400 146 F 100 62 L 11, 900 
41 B 2,500- 147 F 10 63 L 3, 000 
42 B 17, 100 74 G 20 64 L 3, 000 
43 B 2, 800 75 G 10 65 L 123, 000 
126 B 300 76 G 100 66 P 3, 000 
127 B 100 77 G 230 144 Q 20 
128 B 200 78 G 820 145 Q 20 
133 B 1, 000 148 G 120 132 R 10 
158 B 2, 900 149 G 50 175 Ss 300 
162 B 10 150 G 200 176 Ss 800 
163 B 400 59 H 6, 500 Nee Ss) 600 
164 B 700 60 H 1, 200 171 AL 90 
165 B 10 61 H 15, 000 172 T 800 
166 B 1, 400 157 H 10 173 | 1, 200 
167 B — 1,800 55 I 5, 600 174 7 100 
170 B 14, 000 56 I 7, 200 178 U 1, 400 
46 C 700 57 T 400 179 U 4,000 
47 C 2, 400 58 Ti 12,000 180 WwW 2, 700 
85 C 13, 300 154 T 1Q 181 W 300 
86 C 13, 500 155 I 900 182 WwW 700 
90 ~ C 6, 000 156 T 300 183 x 4,100 
91 C 8,300 88 J 3, 100 184 x 30 
159 Cc 40 48 K 108, 000 185 x 300 


1Tn +, dilution. 


During this series of examinations the suspected colon colonies 
on the asparagin-agar plates from 19 samples were picked off and 
inoculated into lactose-broth fermentation tubes. After incuba- 
tion for 48 hours at 37° C. (97.5° F.) the tubes were examined for 
the presence of gas. The number of cultures picked off and the num- 
ber showing gas, together with the percentage of the cultures suspected 
of being gas formers from the examination of the plate, are shown in 
Table 11. An examination of the results shows that in 10 of the 19 
plates studied all the colonies considered gas formers developed gas 
infermentation tubes. In other words, 100 per cent were gas formers. 
Among the other 9 samples the percentage ranged from 87.17 to 100 
per cent. This shows that it is possible to detect quite accurately 
any colonies of gas-forming bacteria on litmus-lactose-asparagin 
agar. . 

One hundred and twenty samples of ice cream were examined 
during the summer and winter seasons by the use of the above-men- 
tioned medium. The results are tabulated in Table 12. Gas-forming 
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bacteria were present in 106, or 88.33 per cent, of the samples, and 
absent in one-tenth of a cubic centimeter in 14, or 11.67 per cent, of 
the samples. Of the 14 negative samples, 13 were of the winter 
series and the other one was examined during October. The number 
of gas formers ranged from 10 to 600,000 per cubic centimeter. 
Among the entire number of samples the average number of gas- 
forming bacteria was 16,298 per cubic centimeter. Of the 57 summer 
samples, the average was 29,544. The winter samples showed an 
average of 889 gas formers per cubic centimeter. Apparently ice 
cream contains a far greater number of colon bacilli during the 
summer months than in the winter season. 

The question naturally arises, Does this asparagin agar bring out all 
the gas-forming or colon bacilli? To gain some information on this 
point a comparison of this medium was made with Endo’s- medium, 
which is highly recommended by some authorities for the determina- 
tion of the colon bacillus. The Endo medium was prepared according 
to the directions given by Kinyoun and Dieter. 


TABLE! 3.—Comparison of colon counts on litmus-lactose-asparagin agar and on Endo’s 


medium. 
Number of B. coli. Number of B. coli. 
Sam- Sam- 
ple Litmus- ple Litmus- 
No. lactose- | Endo’s No. lactose- | Endo’s 
asparagin| medium. asparagin| medium. 
agar. agar. 
1 90 | 125,000 10 2,700 11,000 
2 800 | 75,000 11 300 10, 000 
3 1,200 98, 000 12 700 12,000 
4 25, 000 13 30 5, 700 
5 300 | 92,000 14 300 11, 400 
6 800 3,000 15 140 6 
7 600 | 92,000 16 700 2,200 | 
8 | 4,000 | 39,000 17 50 | 1,200 


As shown in Table 13, the number of colon bacilli determined in 
litmus-lactose-asparagin agar was decidedly lower than when Endo’s 
medium was used. It was then a question of what percentage of the 
colonies on Endo plates called colon bacilli were generally gas formers. 
To determine this percentage typical colonies were picked off from 
six Endo plates. Inoculations were made in lactose-broth fermenta- 
tion tubes and the presence of gas recorded after 48 hours’ incubation 
at 37° C. (97.5° F.). The percentage of the gas-forming cultures 

. from colonies which would be called colon colonies is shown in Table 14. 


. 
=, 
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TaBLE 14.—Cultures picked from Endo’s plates showing the number of gas formers. 


Cultures showing gas in lac- 
Caines tose broth. 
Endo plate. picked. 

Gas-t Gas— Gas+ 

Number. | Number. | Number. | Per cent. 
Tegel SP a i sa 160 91 69 56. 87 
Pais ecicesl, Standard as Hembra 32 a 25 ZN Si 
Bs ee hee SNS te ee 73 69 4 94. 52 
<1 oA gh SRS Oa a eR 9 1 8 ET: 
Am So a AG RE Eb Ce 10 0 10 .00 
Gee ee thes 2 21 16 5 76. 19 


From one plate, of the 10 colonies picked off, none produced gas 
in lactose broth. Of 160 cultures from suspected colon colonies from 
sample 1 only 56.87 per cent were gas formers. In sample 3 a high 
percentage—that is, 94.52 per cent of cultures—were gas formers. 
It is evident that in many cases it is impossible to count the typical 
colonies on Endo plates and say that they represent gas formers or 
colon bacili. Typical colon bacilli are supposed to form on Endo’s 
agar medium-sized colonies which are distinctly red and have a 
metallic sheen, but doubtless the appearance of colon colonies is 
quite variable. In a study of the colonies of 10 different strains of 
Bacillus coli on Endo’s plates it was found that many of the colonies 
showed no metallic sheen. Some were pinkish instead of red; there 
was a red coloration of the medium around some colonies and none 
around others, and many of the colonies were very small. We also 
found that a number of nongas-forming bacteria of the acid group 
and some peptonizers would grow readily on Endo’s medium, and 
the colonies had all the appearance of those of some of the 10 strains 
of B. coli used during these experiments. It must be conceded, 
however, that a much larger number of gas-forming bacteria can be 
found in ice cream when using Endo’s medium than when plating 
on’ litmus-lactose-asparagin agar, and the asparagin plates showed a 
much higher number than the lactose-bile tubes. The use of Endo’s 
medium for the determination of colon bacilli in ice cream is com- 
plicated by the fact that bacteria other than gas formers may give 
the typical reaction of the colon bacilli; also because when a dilution 
low enough to determine the number of B. coli is used the plate is 
sometimes overgrown by other bacteria which are present in large 
numbers. 

It is not the purpose of this paper to discuss the best method for 
the determination of B. coli in ice cream, for the reason, which is 
obvious, that an entirely satisfactory method has not yet been per- 
fected. Each process has its merits and objectionable features, but 
in view of our present knowledge of the colon group of bacteria it is 
impossible to say that any one method is the best. 
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SUMMARY AND CONCLUSIONS. 


Samples of ice cream as sold at retail were examined in Washington 
during the summer season from June 20 to November 11, 1912, and 
also during the winter season in February and March of 1913. 

1. The average acidity of 65 samples of vanilla ice cream examined 
during the summer and winter season was 0.206 per cent, calculated 
as lactic acid. The maximum acidity was 0.387 per cent, the mini- 
mum 0.09 per cent. No definite relation was found between acidity 
sie the bacterial count. 

. The average number of bacteria foie in 94 samples of ice cream 
ae during the summer months was 37,859,907 per cubic 
centimeter. The maximum count was 510,000,000, the minimum 
120,000. Of the 91 samples examined during the winter months the 
average count was 10,388,222, the maximum 114,000,000, and the 
minimum 13,000 bacteria per cubic centimeter. Among the 94 sum- 
mer samples none contained fewer than 100,000 bacteria per cubic 
centimeter, while 14.28 per cent of the 91 winter samples were lower 
than 100,000. Of the summer samples 9.57 per cent contained fewer 
than 500,000 per cubic centimeter, and of the winter 39.55 per cent 
contained less than that number. Of the summer samples, 19.14 
per cent contained fewer than 1,000,000 per cubic centimeter, while 
41.75 per cent of the winter samples contained fewer than that num- 
ber and 80.86 per cent of the summer samples and 58.25 per cent 
of the winter samples contained more than 1,000,000 bacteria per 
cubic centimeter. There was a wide range in the bacterial content 
during the summer and winter seasons, and with one exception, the 
average number of bacteria in ice cream from each manufacturer was 
distinctly lower during the winter months. 

3. The bacteria in 71 summer samples and 28 winter samples were 
divided into groups by the milk-tube method. The percentages of 
the various groups of bacteria, together with the calculated number 
of bacteria in each group in an average sample of ice cream examined 
during the summer and winter seasons, are summarized in the fol- 
lowing table: 

TABLE 15.—Summary of bacteria in ice cream." 


Summer samples. 


Winter samples. 


‘ Average Average 
Bacterial groups. nantice of | Average Se of | Average 
bacteria | group per-| bacteria | group per- 
per cubic | centage. | percubic | centage. 
centimeter. centimeter. 

Acid- coagulating Fee ees Sia cee ce eeraepe Siafeiepaptetes Sesame «2 | 18, 861, 805 49.82 | 3,203, 728 30. 84 
Acid-forming 25. -2ope= 22522 - Be. oP See: Ree ep eee See 7, 844,575 20.72 | 3, 950, 641 38. 03 
ATIOT GS eee ne Oe She ae Oe eee te sae Sie Se eee 5, 292, 815 13. 98 673 4. 81 
Alkali-forming -  .-.- --)/-222¢225+22442-- NEE. SASS: 704, 195 1. 86 563, 042 5. 42 
SEE OZALTA 8 eae or le a ee 5, 156, 519 1336241082: 171, 138 20. 90 
Notable 227 NY sb diidce che oie Meee ee 2 ore ere 37, 859, 909 100.00 | 10, 388, 222 100. 00 
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The bacterial groups bore much the same relation to each other in 
the average summer and winter samples. There was, however, in the 
summer samples a higher percentage of the acid-coagulating group of 
bacteria and a lower percentage of the alkali and peptonizing groups 
than in the winter samples. -In spite of a higher percentage of the 
two groups last named in the average winter sample, the number of 
bacteria of these was much lower, owing to a lower average total 
bacterial count. 

4. Among the summer samples of ice cream 52.81 per cent of the 
bacteria of the acid-coagulating group were active enough to coagu- 
late milk in 48 hours when incubated at 30° C. (86° F.). The remain- 
ing 47.19 per cent coagulated milk more slowly and may represent a 
different variety of acid-forming bacteria. Only- 26.69 per cent of 
the acid-coagulating group of bacteria in the winter samples coagu- 
lated in 48 hours. There is therefore a higher percentage of rapid 
acid-coagulating bacteria in ice cream during the summer months. _ 
_ 5. The average number of peptonizing bacteria found in the sum- 
mer samples of ice cream was 1,449,533. The maximum count was 
21,000,000, the minimum 36,063, peptonizing bacteria per cubic centi- 
meter. During the winter season the average number was 268,693, 
which is about one-fifth the average summer count. The maximum 
number was 2,974,400 and the minimum 1,194 bacteria per cubic 
centimeter. ‘The majority of the samples during the entire investiga- 
tion contained from 0.1 to 5 per cent of peptonizers. <A large propor- 
tion contained as high as 25 to 30 per cent, and in a few samples they 
were present to the extent of from 90 to 95 per cent of the total 
bacteria. Among the summer samples 43.54. per cent of the pep- 
tonizing bacteria were sufficiently active to produce a peptonization 
im milk within 48 hours at 30° C. (86° F.), while 34.06 per cent of these 
bacteria in the winter samples were able to produce this change in the 
same time. It is probable that these active peptonizers are more 
important than the slower-acting varieties, since they usually produce 
a greater decomposition of the milk. 

6. Gas-forming bacteria of the colon-aerogenes group when deter- 
mined on litmus-lactose-asparagin agar were found present in one- 
tenth of a cubic centimeter in 106, or 88.33 per cent, of the 120 sam- 
ples examined, and absent in one-tenth of a cubic centimeter in 14, 
or 11.67 per cent, of the samples. Of the 14 negative samples, 13 
were of the winter series and 1 was examined during October. The 
average number of gas formers in the entire series of samples was 
16,298 per cubic centimeter. Fifty-seven samples examined during 
the summer averaged 29,544 per cubic centimeter. The 49 winter 
samples contained an average of 889 per cubic centimeter. Ice cream 
contained a much larger number of gas-forming organisms during the 
summer season. A large number of media were used in an attempt 


N 
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to devise a suitable medium for the detection of Bacillus coli in ice 


cream, and our results show that there is no entirely satisfactory 
method known at present. 
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